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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial AppHcation] This invention relates to the surface treatment method of the bolt made from titanium, or a nut. 
[0002] 

description of the Prior Art] The thing made from titanium is conventionally developed from a viewpoint of the outstanding 
corrosion resistance from which a bolt and a nut serve as mitigation or maintenance-free one of a weight in recent years although 
the thing made from steel is generally used. However, titanium material tends [ very ] to be bum, and in order to improve this, a 
certain surface treatment is needed. Moreover, titanium material must enlarge bolting torque compared with the former, in order 
for Young's modulus to obtain axial tension equivalent to the thing made from conventional steel compared with steel for a low 
reason. When bolting torque is enlarged, it is much more easy to produce seizure, and the seizure prevention by surface treatment 
etc. is required also of the point. 

[0003] Now, there are the PVD (Physical Vapor Deposition) method, the CVD (Chemical VaporDeposition) method, etc. which 
are represented by ion plating in the surface treatment method applied to titanium material. 

[0004] Moreover, after processing the screw section into predetermined granularity as proposed in JP,61-184290,A as a seizure 
preventing method of the screw section in titanium or titanium-alloy material, and making a processing side generate an oxidizing 
zone, there is a method of preventing the seizure of the screw section by forming in this layer front face the lubricous coat which 
consists of molybdenum disulfide and an epoxy resin. 
[0005] 

[Problem(s) to be Solved by the Invention] Comparatively [ with long (2) processing times limited to the :(1) batch-processing 
method ] as a common fault in the surface treatment method of above-mentioned titanium, it is mentioned to the top where (3) 
installation costs from which a hardening layer deep from a front face is not obtained are high that surface treatment costs become 
expensive as a result more than (4) with many man days etc. Moreover, although application of a hard-chrome-plating method 
etc. is also considered, when this is applied to titanium, a hardening layer is thin and it has the problem at endurance or safety. 
Furthermore, such plating has low adhesion with a titanium base, and when it applies to a member with a sliding portion like a 
bolt or a nut, a surface lining is destroyed in a sliding portion, a titanium front face appears, and it produces seizure. 
[0006] In the case of the method proposed by JP,6 1 - 1 84290, A mentioned above on the other hand, the titanium material of 
difficulty processabiUty will have to be processed to predetermined granularity, and a man day will become it with many 
expensive things. Furthermore, in lubricant like molybdenum disulfide, when exposed outdoors to a rainstorm, un-arranging [ that 
lubricant is exhausted gradually and a lubricous effect is lost ] arises. 

[0007] Moreover, invention-in-this- application persons are already CaC03. The surface treatment of the titanium material by the 
pack process using powder is proposed (JP,63-1 95258 A)- This method has the advantage from which very high surface hardness 
and a deep hardening layer are obtained by short-time processing as compared with the above-mentioned conventional method. 
However, (1) surface-treatment temperature is CaC03. (2) CaC03 limited to 898 degrees C or more which is a powdered 
decomposition temperature In order to pack powder, it has a fault, like a man day increases. 

[0008] This invention is made in view of this situation, and even if it is moreover low temperature comparatively at a few process, 
it aims at offering the surface treatment method of the bolt made from titanium which can form the surface layer from which 
seizure can be prevented and big axial tension is obtained, or a nut. 
[0009] 

[Means for Solving the Problem and its Function] The invention in this application is C02 about the bolt made from titanium, or 
a nut, in order to solve the above-mentioned technical problem. Or the surface treatment method of the bolt made from titanium 
characterized by heat-treating under the environment containing nitrogen and a nut is offered. Thereby, the deep hard facing layer 
in which oxygen and carbon, or nitrogen dissolved can be obtained. 

[0010] In this case, C02 It is returned on the front face of titanium material, and works as o>^gen and a carbon source. Oxygen 
and carbon all show remarkable dissolution hardenability to titanium material. Since the degree of dissolution is high aiough, and 
both elements are invaded type elements and oxygen and carbon have the remarkably quick diffusion rate in the bi-phase of alpha 
region of titanium material, and beta region, also in which temperature region of alpha region and beta region, high surface 
hardness and a deep hardening layer will be remarkably obtained by short-time processing as compared with a conventional 
method. And since it is formation of the hard facing layer by diffusion of o>^gen and carbon, this hardening layer is excellent in 
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the peeling resistance. For this reason, an effect is in seizure prevention in a sUding portion like the screw section. Moreover, 
dissolution hardenability is shown to titanium material like oxygen or carbon, the hard facing layer is also bum, and nitrogen also 
has the effect of prevention. 

[001 1] The environment of heat-treatment is C02. And N2 They are one or more sorts of mixed-gas environment, or C02 among 
one or more sorts, and Ar and helium inside. N2 Mixed-gas environment or N2 It is desirable that it is gas environment. To 
titanium material, Ar and helium gas are inactive and are C02. A partial pressure is lowered and it is C02. The superfluous 
oxidization of titanium material to depend is prevented, the bolt after surface treatment and the surface dry area of a nut are 
prevented, and the yield fall as a product is suppressed. Moreover, N2 It is C02, although it reacts with titanium and a precise 
nitrated case is formed. The front face of titanium material is not damaged like. That is, these Ar, helium, and N2 Component 
composition of mixed gas does not affect a surface dry area, but is C02. A division ratio mainly affects a hard facing property and 
a surface dry area. For this reason, in surface dry- area prevention for suppressing the yield fall of the product after surface 
hardening, it is C02. It is required to control a division ratio within fixed limits, and it is desirable to make this value or less into 
1/2. 

[0012] Although especially gas ** in the case of heat-treatment is not limited, it is desirable that it is below 1 .5x105 Pa. This is 
because it is the total pressure which can be operated safely in consideration of pressure-proofmg of the heating ftimace to be 
used. 

[001 3] As environment of heat-treatment, the fused salt containing nitrogen is also the point which forms the hardening layer of a 
nitride, and is effective in the fi"ont face of titanium material. C02 In processing in the environment to include, heat-treatment is 
titanium material and C02. It is activated, and it carries out in order to promote the reaction between these. Therefore, it is C02, 
so that it is high temperature. Decomposition of gas arises quickly, and since the diffusion rate in the inside of the titanium of 
oxygen and carbon also becomes quick collectively, a deep hardening layer can be obtained. If it aims at preventing seizure and 
obtaining high axial tension, it will be desirable to form 500 or more hardening layers a depth of 5 micrometers or more with 
Vickers hardness by hardening processing of less than 10 hours practical, and it will be required from such a viewpoint that 
heating temperature should be 700 degrees C or more. Moreover, also in the processing under nitrogen gas environment, heating 
is performed at the well which promotes a reaction with titanium material, a hardening layer with the deeper elevated temperature 
is obtained similarly, and it is similarly required from a viewpoint of practical hard facing layer thickness that heating temperature 
should be 700 degrees C or more. 

[0014] Moreover, it is also possible to use the fiised salt containing nitrogen like [ as a source of supply of nitrogen ] a 
cyanic-acid lithium as mentioned above, also in this case, heat-treatment promotes a reaction with titanium material, and a 

hardening layer with the deeper elevated temperature is obtained. In this case, it is required from a viewpoint of practical hard 
facing layer thickness that heating temperature should be made into 550 degrees C or more. 

[001 5] Although an airtight common high heat treating ftimace (a pit furnace and tubular fiimace) or the industrial ftunace used 
for the carburization and nitriding treatment of steel can be used on the occasion of heat treatment of the invention in this 
application, it is possible for it not to be limited to these and to use various fiimaces. 

[0016] the inside of the pit ftimace mentioned above when the example of heat-treatment was given, a tubular ftimace, or 
industrial **** — the bolt made from titanium — and ~ N2 [ or ] which does not start the surface dry area of inactive gas or 
titanium material to titanium, such as Ar and helium, probably before [ after inserting a nut ] a temperature up After blowing in 

continuously and purging the inside of a ftimace, it heat-treats by changing and carrying out a temperature up to the mixed gas 
controlled by the predetermined partial-pressure-of-gas ratio. Thereby, a hard facing layer is formed, after heat-hardening 
processing and processing material — ftunace cooling — or it quenches 

[0017] The hard facing mechanism of titanium material [ in / the example of the invention in this application / as mentioned above 
] is C02 in a controlled atmosphere. Gas is returned on a titanium front face, and it decomposes into oxygen and carbon, and is 
based on the hard facing by that these are spread from a titanium front face and the front face of titanium material hardens by solid 
solution hardening, or nitrogen. Therefore, there are no restrictions of processing temperature and processing at impossible 898 
degrees C or less is attained in the pack process mentioned above. 

[001 8] Although it becomes possible to be ftiUy able to prevent seizure and to obtain high axial tension by big torque also with 
this heat-treatment, in order to make bolting by still bigger torque possible to obtain higher axial tension, it is desirable to give 
coating by the fluororesin after heat treatment. It is because friction in the front face of a bolt and a nut is suppressed by coating by 
the fluororesin, lubrication becomes good and the seizure prevention effect becomes large fiirther. 

[0019] In addition, the target titanium material names pure titanium and a titanium alloy generically, and the restrictions by the 
principle top alloy of this invention do not have the surface treatment method concerning this invention. Moreover, the surface 
treatment method of this invention can be applied also to the bolt made from titanium material or nut manufactured through what 
manufacture method. That is, the same effect can be acquired even if direct net-shape fabrication is carried out with the thing 
which carried out forging-machine processing of the ingot material, or powder-metallurgy processing. Furthermore, it is not based 
on the size of a bolt or a nut, but the same effect is acquired. Thus, it is also the big feature of the invention in this apphcation that 
there is no limit by the kind and process of a titanium alloy which constitute the bolt or nut with vAnch the patent of the invention 
in this application is applied. 
[0020] 

[Example] Hereafter, the example of this invention is ejq)lained. Here, the nut which suits the bolt of Ml 4 was produced with the 
prime powder mixing method ^ow to mix pure titanium powder and master alloy powder, fabricate this powder, and sinter the 
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postforming object), using a Ti-6%aluminum-4%V alloy as titanium material, the compacting pressure in the case of sample 
production ~ 5.0 ton/cm2 ****** - sintering was performed by heating at 1250 degrees C in the vacuum of 10-5Torr order for 4 

hours Moreover, the bolt of Ml 4 was produced from the rolled stock by cutting. 

[0021] Surface hardening was performed using the tubular furnace. This furnace is C02, and Ar, helium and N2. It is possible to 
use mixed gas and the attached gas analyser analyzed gas concentration. 

[0022] The torque examination shown in drawing 1 estimated seizure prevention. This examination sticks a strain gage 2 on a 
boh 1 , binds a nut 3 tight in a bolt 1 with predetermined torque, and computes axial tension from the distorted value and distorted 
Young's modulus which were measured from the strain gage 2. In addition, the dummy block 4 was made to intervene between 
Porto 1 and a nut 3. In this case, it judged from the torque-distorted diagram and asked for the axial tension at the time of torque 
1 5 kg-m. Moreover, after removing a nut, the existence of seizure was investigated by surface observation of a bolt and a nut. 
[0023] Next, the result which experimented by changing various heat treatment conditions is e?q)lained. The gas used for the 
experiment is C02, and Ar, helium and N2. Total pressure and C02 A partial-pressure-of-gas ratio and N2 A 
partial-pressure-of-gas ratio and processing temperature were controlled. About such processing material, measurement of a 
torque coefficient and seizure evaluation were performed. 

[0024] (Example 1) They are 1x105 Pa and C02 about total pressure. The partial-pressure-of-gas ratio was set as one fifth, 
furnace cooling was carried out after 3 -hour heat-treatment at 500 degrees C - 1000 degrees C, and the sample was produced. 
Here, fluororesin coating was not performed. Then, the torque examination was performed and the existence of a torque 
coefficient and seizure was investigated. The result is shown in Table 1 and drawing 2 . 
[0025] 
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[0026] When heating temperature was 700 degrees C or more so that clearly from these results, the torque coefficient was low, 
and big axial tension was obtained, and generating of seizure was not accepted, either. However, heating temperature needed 
torque big in order to obtain axial tension equivalent to the case where a torque coefficient is high to a low case, and it is 700 
degrees C or more from 700 degrees C, and generating of seizure was accepted with torque equivalent to the case of 700 degrees 
C or more. 

[0027] (Example 2) Total pressure is set as 1x105 Pa, and it is C02. The partial-pressure-of-gas ratio was changed with 1 / 50 - 
2/3, fiimace cooling was carried out after 3 -hour heat-treatment at 800 degrees C, and the sample was produced. Here, fluororesin 
coating was not performed. Then, the torque examination was performed and the existence of a torque coefficient and seizure was 
investigated. The result is shown in Table 2 and drawing 3 . 
[0028] 
[Table 2] 
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[0029] It is C02 so that clearly from these results. Hardening layer with a partial-pressure-of-gas ratio sufficient also by 1/50 was 
obtained, the torque coefficient was low, and it was checked that an effect is in seizure prevention. However, C02 When a 
partial-pressure-of-gas ratio exceeded one half, the front face was ruined with oxidization, and seizure arose. [ a smooth nut ] 
[0030] (Example 3) They are 1x105 Pa and C02 about total pressure. Partial-pressure-of-gas ratios are one fifth of C0s2. In Ar 
gas environment containing gas, furnace cooling was carried out after 3 -hour heat-treatment at 800 degrees C, and after that, 
fluororesin coating was performed and it considered as the san^le. And the torque examination was performed and the existence 
of a torque coefficient and seizure was investigated. The result is shown in Table 3. 
[0031] 
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[0032] The torque coefficient became still smaller by fluororesin coating, big axial tension came to be obtained as compared with 
the case where he has no coating, and generating of seizure was not accepted, either, so that clearly from this result. 
[0033] (Example 4) Total pressure is set to 1x105 Pa, and it is N2. A partial-pressure-of-gas ratio is two thirds of N2. It was set 
as At gas or helium gas environment containing gas, and furnace cooling was carried out after 3 -hour heat-treatment at 400-1000 
degrees C, and the sample was produced. Here, fluororesin coating was not performed. Then, the torque examination was 
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performed and the existence of a torque coefficient and seizure was investigated. The result is shown in Table 4 and drawing 4 . 
:0034] 
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[0035] When heating temperature was 700 degrees C or more so that clearly from these results, the torque coefficient was low, 
and big axial tension was obtained, and generating of seizure was not accepted, either. However, when heating temperature is 
lower than 700 degrees C, a torque coefficient is high, and big torque is needed in order to obtain axial tension equivalent to the 
case where it is 700 degrees C or more. Generating of seizure was accepted with torque equivalent to the case of 700 more 
degrees Cor more. 

[0036] (Example 5) Total pressure is set to 1x105 Pa, and it is N2. The partial-pressure-of-gas ratio was set as 1 / 5 - 5/5, 
furnace cooling was carried out after 3-hour heat-treatment at 700 degrees C, and the sample was produced. Here, fluororesin 
coating was not performed. Then, the torque examination was performed and the existence of a torque coefficient and seizure was 
investigated. The result is shown in Table 5 and drawing 5 . 
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[0038] It is N2 so that clearly from these results. Hard facing layer with the partial pressure of gas sufficient 1 / above 2 ratio was 
obtained, the torque coefficient was low, and big axial tension was obtained, and generating of seizure was not accepted, either. 
Moreover, N2 [ high ] In the case of a partial-pressure-of-gas ratio, the dry area of the front face by nitriding was not generated, 
either, but seizure prevention was possible. 

[0039] (Example 6) Under the Li (CNO) environment, it heat-treated at 200-700 degrees C for 3 hours, and the sample was 
produced. Here, fluororesin coating was not performed. Then, the torque examination was performed and the existence of a 
torque coefficient and seizure was investigated. The result is shown in Table 6 and drawing 6 . 
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[0040] 
[Table 61 
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[0041] In the environment under the fused salt containing nitrogen, i.e., nitrogen ion existence, when heating temperature was 
550 degrees C or more, the torque coefiFicient was low, and big axial tension was obtained, and generating of seizure was not 

accepted, either, so that more clearly than these results. 

[0042] (Example 7) Total pressure is set to 1x105 Pa, and it is N2. A partial-pressure-of-gas ratio is two thirds of N2. In Ar gas 
atmosphere containing gas, fiimace cooling was carried out after 3 -hour heat-treatment at 800 degrees C, and after that, 
fluororesin coating was performed and it considered as the sample. And the torque examination was performed and the existence 
of a torque coefiFicient and seizure was investigated. The result is shown in Table 7. 
[0043] 

Table 7] 
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[0044] The torque coefiFicient became still smaller by fluororesin coating, big axial tension came to be obtained as compared with 

the case where he has no coating, and generating of seizure was not accepted, either, so that more clearly as a result. 

[0045] (Example 8) Total pressure is set to 0.5x105 Pa to 1 .5x105 Pa, and it is C02. Partial-pressure-of-gas ratios are one third 

of C0s2. The inside of Ar gas atmosphere containing gas, or N2 In gas atmosphere, fiamace cooling was carried out after 3-hour 

heat-treatment at 800 degrees C, and the sample was produced. Here, fluororesin coating was not performed. The torque 

examination was performed after that and the existence of a torque coefiFicient and seizure was investigated. The result is shown in 

Table 8. 

[0046] 

[Table 8] 
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[0047] When the partial-pressure-of-gas ratio was within the limits of this invention so that clearly from Table 8, it became clear 
tiiat high axial tension is obtained and seizure does not arise. 

In the case of the combination of the bolt made from titanium which has not performed (1) surface treatment, and a nut, (2) total 

pressure is set to 1x105 Pa as an example of comparison. (Example of comparison) In oxygen gas atmosphere When furnace 
cooling is carried out after 3-hour heat-treatment at 800 degrees C, (3) total pressure is set to 1x105 Pa. in Ar gas atmosphere In 
the case of the combination of the bolt made from titanium which gave (4) TiN coating when furnace cooling was carried out after 
3-hour heat-treatment at 800 degrees C, and a nut (5) The torque test result in the case of the combination of the bolt made from 
titanium which processed by molybdenum disulfide and the epoxy resin, and a nut is shown in Table 9. In addition, the torque test 
result in the case of the example of (6) this inventions was also written together. As an example of this invention, it is C02. C02 
of the partial-pressure-of-gas ratios 1/5 In Ar gas atmosphere containing gas, the sample which carried out fiimace cooling was 
used after 3 -hour heat-treatment at 800 degrees C. 



[0048] 
Table 9] 
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[0049] Although the example 2 of comparison was removed and axial tension of the gap was [ a torque coefficient is large and ] 
small, in the example of comparison, the bird clapper became clear that make a torque coefficient small, and big axial tension is 
obtained, and it is hard to generate seizure by the method of the invention in this application, so that clearly from the result of 
Table 9. In addition, in the case of the example 2 of comparison, the weak scale layer was formed in the front face after 
heat-treatment, and measurement of a torque coefficient was impossible. 

[0050] In addition, although the nut produced by the bolt and prime powder method which carried out cutting was used in the 
above-mentioned example, it does not restrict to this and the same effect is acquired also in the bolt and nut which were produced 
with machining. 
[0051] 

[Effect of the Invention] According to the invention in this application, even if it is moreover low temperature comparatively at a 
few process, the surface treatment method of the bolt made from titanium which can form the surface layer from which seizure 
can be prevented and big axial tension is obtained, or a nut is offered. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the method of a torque examination used in the example. 

[Drawing 2] C02 Drawing showing the relation between the heating temperature at the time of the surface treatment under 
environment, and the obtained axial tension. 

[Drawing 3] C02 at the time of surface treatment Drawing showing the relation between a partial-pressure-of-gas ratio and the 
obtained axial tension. 

[Drawing 41 N2 Drawing showing the relation between the heating temperature at the time of the surface treatment under 
environment, and the obtained axial tension. 

[Drawing 5] N2 at the time of surface treatment Drawing showing the relation between a partial-pressure-of-gas ratio and the 
obtained axial tension. 

[Drawing 6] Drawing showing the relation between the heating temperature at the time of the surface treatment in the inside of 

fiised salt, and the obtained axial tension. 

[Description of Notations] 

1 ; a bolt, 2; strain gage, 3; nut, 4; dummy block. 
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1 . This document has been translated by computer. So the translation may not reflect the original precisely. 

2 . * * * * shows the word which can not be translated. 

3 .In the drawings, any words are not translated. • 

i 

CLAIMS f 



[Claim(s)] 

[Claim 1] C02 Or the surface treatment method of the bolt made from titanium characterized by heat-treating under the 
environment containing nitrogen and forming a hard facing layer in the bolt made from titanium, or a nut, or a nut. 
[Claim 2] The environment of heat-treatment is C02. And N2 They are one or more sorts of mixed-gas environment, or C02 
among one or more sorts, and Ar and helium inside. N2 Mixed-gas environment or N2 The surface treatment method of the bolt 
made from titanium according to claim 1 characterized by being gas environment, or a nut. 

[Claim 3] The surface treatment method of the bolt made from titanium according to claim 2 characterized by heating temperature 
being 700 degrees C or more, or a nut. 

[Claim 4] C02 the claim 1 characterized by a partial-pressure-of-gas ratio being 1/2 or less, or a claim 3 — the surface treatment 

method of the bolt made from titanium given in either, or a nut 

[Claim 5] The surface treatment method of the bolt made from titanium according to claim 1 characterized by the environment of 
the aforementioned heat-treatment being the frised salt containing nitrogen, or a nut. 

[Claim 6] The surface treatment method of the bolt made from titanium according to claim 5 characterized by heating temperature 
being 550 degrees C or more, or a nut. 

[Claim 7] The surface treatment method of the bolt made from titanium according to claim 1 to 6 characterized by applying a 
fluororesin to a front face after heat-treatment, or a nut. 
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